Arthrinium, a globally distributed genus, is characterized by basauxic conidiogenesis in its asexual morph, with globose to subglobose conidia, which are usually lenticular in side view and obovioid and brown to dark brown. The sexual morph develops multi-locular perithecial stromata with hyaline apiospores usually surrounded by a thick gelatinous sheath. Four Arthrinium species collected in Kunming, China, are described and illustrated in this paper. Based on the morphology and analyses of ITS sequence data, we introduce two new species of Arthrinium. Arthrinium garethjonesii and A. neosubglobosa spp. nov. are provided with descriptions of sexual morphs and compared with phylogenetically close taxa. Arthrinium hydei and A. hyphopodii are new records on their sexual morphs.
Introduction
Arthrinium Kunze ex Fr. (sexual morph: Apiospora Sacc.) is the type genus of Apiosporaceae and has a widespread distribution occurring in various habitats (Sharma et al. 2014) . Taxa are endophytes, pathogens or saprobes, usually isolated from soil debris, plants, lichens and marine algae (Senanayake et al. 2015) , or occasionally from erythematous nodules of human beings (Sharma et al. 2014) . Some Arthrinium species such as A. arundinis (Corda) Dyko & B. Sutton has been utilized in the pharmaceutical industry as antifungal agents. Crous & Groenewald (2013) synonymized Apiospora under Arthrinium. The genus Arthrinium currently contains 64 epithets with 53 names under Apiospora in Index Fungorum (2016) . However, most of existing taxa lack sequence data and detailed morphological descriptions. Crous & Groenewald (2013) reviewed the genus Arthrinium and included 16 species in the phylogenetic analysis. Sequence data from fresh collections are however, needed to better resolve their natural classifications and establish species numbers. We are studying bambusicolous fungi (Hyde et al. 2002 , Dai et al. 2007 ) and collected four new Arthrinium species from Yunnan Province. These are introduced in this paper with molecular data.
DNA extraction, PCR amplification and sequencing
Pure cultures were grown on PDA for 30 days at 27˚C and genomic DNA was extracted from fresh mycelia, following the specifications of the Biospin Fungus Genomic DNA Extraction Kit (BioFlux®). ITS5 and ITS4, NS1 and NS4 (White et al. 1990 ) and LROR and LR5 (Vilgalys & Hester 1990 ) primers were used for the amplification of internal transcribed spacers (ITS), small subunit rDNA (SSU) and large subunit rDNA (LSU) respectively. Polymerase chain reaction (PCR) amplification was carried out following Dai et al. (2017) . Amplified PCR fragments were sequenced at Shanghai Majorbio Bio-Pharm Technology Co., Ltd. and BGI Tech Solutions Co., Ltd. (BGI-Tech), P.R. China. The sequences generated from the ITS, LSU and SSU regions are deposited in GenBank.
Phylogenetic analyses
A blast search in GenBank, using ITS gene was carried out to determine the closest Arthrinium taxa. Additional sequences (Crous & Groenewald 2013 , Dai et al. 2017 were downloaded from GenBank. A single gene sequence alignment was generated with MAFFT v. 7.215 (Katoh & Standley, 2013 , http://mafft.cbrc.jp/alignment/server/index.html) and improved when necessary in BioEdit v. 7.0 (Hall 2004) by manual adjustment. In the analyses, gaps were treated as missing data, and all characters were unordered and of equal weight (Dai et al. 2012) .
Maximum-likelihood (ML) analysis including 1000 bootstrap replicates was performed in raxmlGUI v.1.0. (Stamatakis 2006; Silvestro & Michalak 2011) . Alignments in PHYLIP format were exchanged and loaded (http://sing.ei.uvigo.es/ALTER/), and the online tool Findmodel (http://www.hiv.lanl.gov/content/sequence/findmodel/findmodel.html) was used to determine the best nucleotide substitution model for sequence data. GTR+G was chosen as the best model. Maximum-parsimony (MP) analysis was run using PAUP v. 4.0b10 (Swofford 2002) with 1000 replications. Maxtrees were set to 1000, branches of zero length were collapsed, and all multiple equally most parsimonious trees were saved. The robustness of the most parsimonious trees was evaluated from 1 000 bootstrap replications (Phillips et al. 2013) .
Bayesian analyses were performed using MrBayes v. 3.0b4 (Ronquist & Huelsenbeck 2003) . The model of evolution was performed by using MrModeltest v. 2.3 (Nylander 2004) . Posterior probabilities (PP) (Rannala & Yang 1996 , Zhaxybayeva & Gogarten 2002 were determined by Markov Chain Monte Carlo sampling (MCMC) in MrBayes v. 3.0b4. Six simultaneous Markov chains were run for 5,000,000 generations and trees were sampled every 100th generation. The burn-in was set to 0.25, and the run was automatically stopped when the average standard deviation of split frequencies reached below 0.01 (Maharachchikumbura et al. 2015) .
Trees were visualized with TreeView (Page 1996) , and additionally layouts were carried out with Adobe Illustrator CS v. 5. Maximum-parsimony bootstrap values (MPBP) and Maximumlikelihood bootstrap values (MLBP) equal or greater than 50 % are given. Bayesian posterior probabilities (BYPP) greater than 0.80 are given. The alignment and trees were submitted in TreeBASE (www.treebase.org, submission ID: 20359) 
Results

Phylogeny
An ITS dataset was used to determine the taxonomic placement of our strains. The dataset comprised 63 strains including five newly sequenced strains plus one outgroup taxon (Table 1) . Fig. 1 -One of the parsimonious trees resulting from 1000 bootstrap replicates obtained from the ITS sequence data (CI 0.634, RI 0.876, RC 0.555), The tree is rooted to Seiridium phylicae (CPC 19965) . Ex-type strains are in bold and newly generated sequences are highlighted with a blue background.
The best tree is shown in Fig. 1 . The phylogenetic trees generated by maximum-parsimony (MP), maximum likelihood (ML) and Bayesian analyses using the ITS region demonstrate that new strains clustered within the genus Arthrinium, Apiosporaceae, Xylariales. Arthrinium hydei (JHB012) and A. hyphopodii (JHB004) grouped with the type strain CBS114990 and MFLUCC 15-0003 with high support (MPBS/MLBS/BYPP 81/90/0.90) and (MPBS/MLBS/BYPP 100/100/1.00) respectively. The new species, A. garethgonesii is closest to A. hyphopodii, while the branch length can separate these two species. A second novel species A. neosuboglobosa groups with A. subglobosa in the same clade, however, they can be phylogenetically distinguished with high bootstrap support (MPBS/MLBS/BYPP 100/100/1.00). Bootstrap support values of MP, ML and the Bayesian posterior probabilities from MCMC analyses are shown in Fig 1. All the strains used in this paper together with their GenBank associate numbers are listed in Table 1 . The new sequences of ITS, LSU and SSU regions are deposited in GenBank for further study (Table 2) . Holotype -HKAS 96289 Saprobic on dead bamboo culms. Sexual morph: Stromata 1.3-2 mm long, 0.3-0.5 mm wide, 188-282 μm high, scattered to gregarious, partly immersed, becoming erumpent to superficial, raised, dark brown, in linear rows, with a slit-like opening, multi-loculate. Ascomata perithecial, 177-235 μm high, 141-232 μm diam., arranged in rows, clustered, gregarious, with 3-10 perithecia forming groups immersed in stromata to erumpent through host surface, ellipsoidal to subglobose, dark brown, membranous. Ostiole raised from centre of ascomata, internally lined with periphyses. Peridium 22-35 μm wide, composed of dark brown to reddish brown to hyaline cells of textura angularis. Hamathecium composed of dense paraphyses, 3.9-6.1 μm wide, filamentous, unbranched and not anastomosed, indistinctly septate, constricted at the septum. Notes -Arthrinium garethjonesii is phylogenetically close to A. hyphopodii based on maximum-parsimony (MP) analysis (Fig. 1) . Both of these species have dark brown ascostromata in linear rows on bamboo, with a slit-like opening. However, A. garethjonesii has shorter stromata (188-282 μm high vs. 369-488 μm high) and smaller 1-septate ascospores (30-42 × 11-16 μm vs. 61-80 × 14-18.5 μm), whereas A. hyphopodii has comparatively larger 1-septate ascospores. Furthermore, they are phylogenetically separated by branch length (Fig. 1) . Etymology -Refers to the morphological similarity with Arthrinium subglobosa. spored, unitunicate, clavate, with a short pedicel, apically rounded. Ascospores 39-47 × 13-16 μm (x ̅ = 43 × 15 μm, n = 20), 2-seriate, elliptical, hyaline, 1-septate, constricted at the septum, mostly curved at the lower cell, rarely straight, with a large upper cell and a small lower cell, smoothwalled, guttulate, with a shallow 10 μm thick gelatinous sheath. Asexual morph: Undetermined.
Arthrinium neosubglobosa
Culture characters -Ascospores germinating on WA within 48 h and germ tubes developing from the upper cell. Colonies slow growing on PDA, reaching 20 mm in 1 week at 23 °C, under 12 h light/12 h dark, velvety, circular, with regular edge, yellowish, sparse in the centre, white, dense at the margin from above; yellowish brown from below. Mycelium superficial to immersed in media, with branched, septate, smooth hyphae. Notes -Arthrinium neosubglobosa is similar to A. subglobosa in having ascospores with a curved lower cell and yellowish brown culture on PDA (Senanayake et al. 2015) . These two species original isolated from bamboo, and form an individual clade in the phylogenetic analysis with high bootstrap support (MPBS/MLBS/BYPP 100/100/1.00) (Fig. 1) . However, A. neosubglobosa differs by having higher stromata (300-350 μm high vs. 150-300 μm high) and longer asci (130-170 μm long vs. 75-150 μm long) than A. subglobosa. In addition, A. neosubglobosa has obpyriform to ampulliform ascomata, whereas A. neosubglobosa occurs has subglobose ascomata with a flattened base. Saprobic on rotting bamboo culms, forming black, filiform areas, arranged in a compact way, with stromata breaking through raised cracks at the black centre. Sexual morph: Stromata 10-20 mm long, 3.5-4 mm wide, 215-265 μm high, gregarious, initially immersed and raised, later becoming erumpent through host tissue to superficial, shaping a slit-like axis at the top, filiform, dark brown, multi-loculate. Ascomata perithecial, 135-230 μm high, 180-215 μm diam., gregarious, immersed in stromata, reddish brown, ampulliform to subglobose usually with flattened base, membranous, with a central, periphysate ostiole. Peridium 19-30 μm thick, composed of brown to reddish brown to hyaline cells of textura angularis. Hamathecium comprising septate, unbranched paraphyses. Asci n = 20), unitunicate, cylindrical to ellipsoidal, no pedicel, n = 20) , 2-seriate, broad fusiform to cylindrical, with a large upper cell and a small lower cell, hyaline, 1-septate, constricted at septum, slightly curved, smooth-walled, with many guttules, with a large guttule at the centre of large upper cell, with a distinct gelatinous sheath, 10-20 μm thick. Asexual morph: See Crous et al (2013) .
Arthrinium hydei
Culture characters -Ascospores germinating on WA within 24 h and germ tubes developing from the upper large part of spore. Colonies growing fast on PDA, reaching 40 mm in 1 week at 23 °C, under 12 h light/12 h dark, cottony, circular, diffuse from centre, with irregular edge, white from above and below. Mycelium superficial to immersed in media, with branched, septate, smooth hyphae. Notes -Arthrinium hydei was originally described by Crous & Groenewald (2013) based on the asexual morph from a culture (CBS 114990) which was isolated from bamboo culms in Hong Kong, China. However, no sexual morph was observed by Crous & Groenewald (2013) . A new specimen was collected of sexual morph in Kunming, China and the phylogenetic sequence data indicate that it is A. hydei (MPBS/MLBS/BYPP 81/90/0.90, Fig. 1 ).
Arthrinium hyphopodii D.Q. Dai & K.D. Hyde, in Senanayake et al., Fungal Diversity 73: 112 (2015) Figs 5 Saprobic on dead bamboo culms, forming black, lenticular spots on the host surface, with stromata breaking through raised cracks with black centre. Sexual morph: Stromata 1.5-2 mm long, 0.35-0.45 mm wide, 370-490 μm high, scattered to gregarious, immersed to erumpent, later becoming superficial, dark brown to black, fusiform to ellipsoid, forming a slit-like opening at the apex, multi-loculate, membranous, with a periphysate ostiole. Ascomata perithecial, 295-360 μm high, 185-280 μm diam., arranged in rows, clustered, gregarious, immersed in stromata, ampulliform, dark brown to black. Peridium 28-40 μm wide, composed of several layers of dark brown to hyaline cells of textura angularis. Hamathecium comprising dense, 5-7.8 μm wide, hyaline, septate paraphyses. Asci 160-225 × 35-55 μm (x ̅ = 193.7 × 45.3 μm, n = 20), 8-spored, unitunicate, clavate, apedicellate, apically rounded. Ascospores 60-80 × 14-18.5 μm (x ̅ = 70.5 × 16.3 μm, n = 20), partly overlapping, biseriate, cylindrical to broadly fusiform, slightly rounded both ends, slightly curved, hyaline, septa not observed, smooth-walled, with many guttules, with an indistinct gelatinous sheath. Asexual morph: See Senanayake et al. (2015) .
Culture characters -Ascospores germinating on WA within 24 h and germ tubes produced from lower end. Colonies fast growing on PDA, reaching 34 mm in 12 days at 23 °C, under 12 h light/12 h dark, cottony, circular, sparse, raised, with irregular edge, white in centre becoming reddish-brown at the margin from above and below. Mycelium superficial to immersed in media, with branched, septate, smooth hyphae. Notes - Senanayake et al. (2015) introduced the species Arthrinium hyphopodii based on an asexual morph specimen collected in China, Kunming. We collected a new specimen of sexual morph within a close vicinity, and the phylogenetic analysis showed that they are same species with high bootstrap support (MPBS/MLBS/BYPP 100/100/1.00) (Fig. 1) . Arthrinium hyphopodii is characterized by brown hyphopodia developing on its conidial germ tubes. Usually Arthrinium has apiospores shorter than 50 μm, however, A. hyphopodii is unusual in that it has 60-80 μm long ascospores which are acellular, a feature which has not been recorded previously in species of Arthrinium.
Discussion
This study treats four Arthrinium species, including two new species, Arthrinium garethjonesii and A. neosubglobosa, two existing species, Arthrinium hydei and A. hyphopodii which were previously published with only asexual morphs. In the present study, their sexual morphs are confirmed by sequence data. Species of Arthrinium are difficult to identify to species level when only the asexual morph are available (Crous & Groenewald 2013) . For instance, the Arthrinium species can produce hyphomyceteous fruiting bodies in culture or coelomycetous structures on host substrates (Dai et al. 2017) . In addition, their conidia are not a useful identifying feature, as most Arthrinium species have similar conidia, and their morphology can vary depending on the period of incubation on different habitats (Crous & Groenewald 2013) . This study suggests that the identification of Arthrinium taxa needs to be carried out based on a combination of sequence data and observation of the sexual-asexual morphs. The linkage of such sexual and asexual morphs should be determined through cultures obtained from single spores and by subsequent molecular analyses. 
